Total reactive odd nitrogen (NOy) has been defined as the sum of the individual species which are reactive in the troposphere. These species include NO, NO2, NO3, N205, HNO3, HONO, PAN, RONO 2 (R = alkyl), and particle NO3'. Together this suite of compounds has also been estimated by measurement of NO). as NO 
Experimental Methods

Study Area
The P EM-Tropics A airborne expedition was conducted using . Wall effects were also greatly reduced by steering the two probe beams (sampling an area of < 1 cm 2) through the center of the sampling manifold which itself had a cross-sectional area of-80 cm 2. Given a 10-Hz probe frequency, this high flow rate also permitted adequate time for a complete turnover of the sampling region between laser shots, thus ensuring that measurements of NO were being made under true ambient conditions. The measurements were reported using an integration time of 1 s. Accuracy of the instrument calibration is estimated to be + 16% for NO at the 95% confidence limit. , 1999b] . The subsample flow rate was always <10% of the primary manifold total flow. Sample collection intervals were typically 4 min in the boundary layer, 6 min at 2-9 km altitude, and 8 min above 9 km altitude, reflecting decreased pumping rates in the middle and upper troposphere. The inlet manifold consisted of a 0.9-m length of 41-mm ID glass-coated stainless steel pipe. The pipe extended from the DC-8 fuselage to provide a 90 ø orientation to the ambient air streamline flow. To facilitate pumping of the high-volume manifold flow on both the HNO3 and Georgia Tech systems, a diffaser was mounted over the end of the inlet pipe parallel to the DC-8 fuselage. This device provided a "shroud" effect, slowing the flow of ambient air through it to slightly below the true air speed of the DC-8 and adding 50-100 hPa ofpressurization to the sampling manifold. This effectively eliminated the reverse venturi effect (-40 hPa) on the sampling manifold. An additional feature of the diffuser was a curved step around the manifold pipe, which provided the streamline effects of a backward facing inlet. Its function was to facilitate exclusion of aerosol particles greater than -2 /•m in diameter from the sampling manifold. Aerosols smaller than this were removed from the sampled airstream using a 1 -•tm pore-sized Zefluor Teflon filter that was readily changeable every 5-10 min to minimize aerosol loading on the filter and gas/aerosol phase partitioning from ambient conditions. The accuracy of the HNO3 measurements is estimated to be +20%, with a precision ranging from +10 to 35% depending on the ambient mixing ratio.
NOv Model
2.2.4. PAN. The NASA Ames PAN instrument provided measurements of this species using electron capture gas chromatography detection from a cryogenically enriched sample of ambient air [Singh and Salas, 1983; Gregory et al., 1990] . The system uses an aft facing Teflon inlet with the instrument operated at a constant pressure of 1050 mbar isolated from aircraft cabin pressure fluctuations. The sampling time of 2 min was followed by a 5-min analysis time. In-flight calibration was accomplished using PAN synthesized in liquid n-tridecane. The PAN measurements have an estimated accuracy of about +20% and a precision of + 10%. The detection limit for PAN was 2-3 parts per trillion by volume (pptv).
2.2.5 Alkyl Nitrates. C•-C4 alkyl nitrates were collected in stainless steel canisters and then separated analytically on a Restek-1701 column and quantified by electron capture detection [Atlas et al., 1992b] . Oxygen doping enhanced the sensitivity of the electron capture detection for the alkyl nitrates. The precision is +5% at mixing ratios above 5 pptv and + 10% below this value.
Results
Database
The data in this paper used the timescale defined by the HNO3 measurements, with all other species (including calculated NO2) averaged to this time base. The data set was further refined by using only time periods where there was a measurement reported for all the reactive nitrogen species. This reduced the size of the merged product by about 50%, but it still allowed meaningful comparisons for the NOy sum with other parameters, as data from each mission and a wide altitude span were included. Again, for the purposes of Although not discussed in detail this paper, particle NO/mixing ratios were generally <50 pptv [Dibb et al., 1999a] . The time resolution of these measurements was typically 10-15 min, so their inclusion in the NO``. discussion in this paper is difficult. In only a few cases in the combustion plume data set was particle NO/ greater than 10% of the NO``. sum. It appears that wet scavenging of particle NO/ occurred early in the life of the biomass burning emissions, with only an occasional plume containing >50 pptv of particle NO/ [Dibb et al., 1999b] . The mixing ratios of HNO 3 and PAN were usually <100 pptv, but larger departures from this value are evident in the nonplume air parcels. Notice that in the middle troposphere (3-10 kin), HNO 3 and PAN are both present at several hundred parts per trillion by volume. In the marine boundary layer, PAN was <5 pptv and HNO3 was <20 pptv. Thermal decomposition of PAN occurs on the order of hours in this warm (25 ø-30øC), moist region, which should lead to HNO 3 production from the NO2 + OH mechanism. The mixing ratio of HNO3 is, however, kept <20 pptv due to its deposition to the ocean and uptake onto salt aerosol in the boundary layer [Talbot et al., 1999b] . Below 4 km altitude the NOx responsible for 03 production is largely explained by the decomposition of PAN [Schultz et al., 1999] .
The mixing ratios ofNOx, HNO3, and PAN in the nonplume air parcels over the South Pacific in the middle and upper troposphere were comparable to those typically found at remote locations. NOx, 
NOy Partitioning
To examine the relationship of various species to NO3,, the vertical distributions of their ratio to the N% sum are shown in Figures 3a (nonplume) and 3b (within plumes) . In the nonplume data the ratio NO/NO3 sum is 10-15% from the boundary layer to 7 km altitude, and then it increases to 25% at 12 km. Owing to slightly larger NOx mixing ratios in the plume data, especially above 5 km, the ratio NOx/NO3 sum is -8-10% from the boundary layer to 7 km, and then it again increases to 25% at 12 km. The opposite trend is seen for the alkyl nitrates, decreasing from-30-40% in the boundary layer to -5 % above 3 km altitude. In the nonplume data the ratio was higher at all altitudes by about 3-5%, presumably driven by a stronger marine source for these species compared with combustion plumes over the South Pacific.
The ratio HNO3/NOy sum in the nonplume air parcels has a value 
